In stitu t für Z oologie, L ehrstuhl für H orm on-und E ntw icklungsphysiologie, H einrich-H eine-U niversität D üsseldorf, D-4000 D üsseldorf 1, and * R hein Biotech, E rk ra th e r S traß e 230, D-4000 D üsseldorf, B undesrepublik D eutschland Z. N atu rfo rsch . 46c, 163-165 (1991); received O ctober 5, 1990 H aem ocyanin Synthesis, C o p p er, O xygen Binding M odulators, C rayfish H aem ocyanin synthesis in the m idgut gland o f the crayfish, A stacus leptodactylus, was stu d ied in vitro. T he additio n o f exogenous co p p er into the culture m edium reduces the synthesis o f total proteins and o f h aem ocyanin. L-lactate, uric acid and dopam ine, which m odify the affini ty o f haem ocyanin to w ard s oxygen, do n o t influence the biosynthesis o f the polypeptide.
Introduction
The copper containing oxygen carrier haem o cyanin is the predom inant protein in the hemolymph of most molluscs, crustaceans and spiders. Despite its abundance and the detailed knowledge on physiological aspects, relatively little inform a tion exists on haemocyanin synthesis and its regu lation [1] [2] [3] [4] , In analogy to haemoglobin, where the addition o f haeme influences the haemoglobin production [5] , copper has been discussed as a lim iting factor for haemocyanin synthesis, although its role in haemocyanin biosynthesis is unclear till now [2] , In a previous study we found a decrease in haemocyanin production by the midgut gland of the crayfish A. leptodactylus after three days of in cubation in a medium without copper [6] , The question arose whether copper might be a rate lim iting factor for haemocyanin synthesis. Knowl edge of the concentrations o f copper in the midgut gland and its secretion into the medium during the in vitro incubation as well as an investigation of the influence o f exogenous copper on haemocyanin synthesis and secretion should shed some light on the role o f copper in haemocyanin biosynthesis.
In recent years it has been shown that L-lactate, uric acid and dopam ine can m odulate oxygen binding o f haemocyanin [7] [8] [9] , but it is not known so far whether these m odulators also exert an in fluence on haemocyanin synthesis. We therefore investigated this positive influence of the modula- tors on the production of haemocyanin in the m id gut gland of the crayfish, Astacus leptodactylus, which has been identified as the only site o f hae mocyanin synthesis in this species [10] .
Materials and Methods
In the present study we used an established o r gan culture system for crayfish tissues [6] and tech niques for the quantitative measurements of hae mocyanin synthesis and secretion described else where in detail [11] . In short, incorporation of p-SJmethionine into total proteins (precipitation by trichloro-acetic acid) and haemocyanin (immuno-precipitation) was measured, as well as the secretion of newly synthesized total proteins and haemocyanin into the medium after 5 h. Copper was determined by atomic absorption spectrome try.
Results and Discussion
To examine our hypothesis that copper is a lim iting factor of haemocyanin synthesis we deter mined its concentration in haemolymph, midgut gland and in the culture medium after 5 and 24 h of incubation. We found 40 \ig of copper per ml of haemolymph and a 4-fold higher concentration in the midgut gland. After 5 h of incubation only 2.3%, after 24 h 4.3% o f the total copper content of the midgut gland is secreted into the medium (Table I) . A concentration of 40 (ig haemocyanin per ml of haemolymph is com parable to the con centrations which have been determined for A sta cus leptodactylus and two nearly related species be- fore [12, 13] . The 4-fold higher copper concentra tion in the midgut gland in com parison to the haemolymph indicates a possible function as stor age organ for copper. Similar high concentrations have been found in various other crustacean spe cies [14] [15] [16] [17] [18] [19] , Since less than 5% of total copper content is secreted into the medium after 24 h of incubation, copper does not seem to be a rate lim iting factor for haemocyanin synthesis under our experimental conditions. A second set of experi ments is also in favour of this hypothesis: The ad dition of exogenous copper does not increase hae mocyanin synthesis as one might suspect, if copper would be a limiting factor. On the contrary, the cpm x mg fr. wt. supplementation of the medium with copper re duces haemocyanin and total protein synthesis (Fig. 1) . It is also evident from these results, that the relative decrease of haemocyanin in prolonged incubations occurs independent of copper addi tion. This might be the reason for our earlier ob servations that only traces o f newly synthesized haemocyanin were detected after 3 days of incuba tion [6] , In a second set of experiment, the midgut gland was incubated in a medium supplemented with either uric acid (1 m M ) , L-lactat (10 m M ) and dop amine (0.1, 1 and I O j i m ; data not shown). These concentrations are effective in m odulating oxygen binding of haemocyanin. A ddition of these com pounds did not result in a significant difference in the rate o f synthesis (Fig. 2 a) and secretion ( 2 b) of both total proteins and haemocyanin. Thus, these com pounds act only as allosteric m odulators of haemocyanin oxygen binding but do not influ ence its synthesis.
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